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Objective : This prospective study evaluated the use of continuous sedation using propofol and remifentanil when carpal tunnel release (CTR)
was performed under local anesthesia.
Methods : We sedated 60 patients undergoing CTR using local anesthesia with remifentanil at loading and continuous doses of 0.5 µg kg-1 and
0.05 µg kg-1min-1, respectively, and propofol, using a target controlled infusion (TCI) pump set to a target of 2 µg mL-1 (group A), or with the same
drug doses except that the continuous remifentanil dose was 0.07 µg kg-1min-1 (group B) or 0.1 µg kg-1min-1 (group C). 
Results : In group B, the levels of pain when local anesthetics were administered (p = 0.001), intraoperative pain (p < 0.001) and anxiety (p =
0.001) were significantly lower than those of group A. Furthermore, the incidence of adverse events, including desaturation (p < 0.001) and
vomiting (p = 0.043), was significantly lower in group B than in group C. 
Conclusion : Continuous sedation using an appropriate dose of remifentanil and propofol can be used as safe, efficacious ambulatory anes-
thesia in cases of CTR under local anesthesia, performed using only 2 mL of local anesthetic, with a high degree of patient satisfaction.
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INTRODUCTION

Carpal tunnel release (CTR) can be performed under gene-
ral, regional, intravenous regional, or local anesthesia. Among
these techniques, local anesthesia is commonly used for med-
ian nerve release11,15). Local anesthesia has many advantages,
such as reduced cost and a shortened hospital day, and less
complications from general or regional anesthesia, making it
suitable for outpatient surgery. However, anxiety, pain at the
injection site, and intraoperative pain, including that caused
by tourniquet use, can result in patient discomfort and dissa-
tisfaction. Anatomical distortion due to infiltration at the site
of incision is also a major limitation of this technique18).
Consequently, we examined modifications of the anesthetic
technique in an attempt to make the procedure more com-
fortable for the patient and surgeon, and planned sedation

that involved the use of only 2 mL of lidocaine subcutaneous
infiltration, and outpatient surgery.

We sedated patients who underwent CTR under local
anesthesia before infiltrating local anesthetic and during sur-
gery with a continuous remifentanil and propofol infusion.
We report the application, safety, complications, and patient
satisfaction with continuous sedation as outpatient anesthesia
for CTR and the optimal dose of remifentanil in combina-
tion with propofol.

MATERIALS AND METHODS

Following approval from our institutional ethics committee
and after obtaining written informed consent, 60 adult pati-
ents (ASA I or II) undergoing CTR under local anesthesia
between May 2009 and March 2010 were included in this
prospective randomized study. Exclusion criteria were age <
20 or > 65 years, weight > 100 kg, oral opening class IV Mal-
lampati classification, history of chronic sedative use, history
of alcohol or drug abuse, and known or suspected psychiatric
disturbance. No sedative premedication was used. Patients
were allocated randomly to one of three groups, randomized
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to receive a remifentanil injection at loading and continuous
doses of 0.5 µg kg-1 and 0.05 µg kg-1/min-1, respectively, with
propofol, using a target controlled infusion (TCI) pump set
to a target of 2 µg mL-1 (group A), or injection of remifentanil
at a loading and continuous dose of 0.5 µg kg-1 and 0.07 µg
kg-1 min-1 with the same propofol dose (group B), or injec-
tion of remifentanil at loading and continuous doses of 0.5
µg kg-1 and 0.1 µg kg-1 min-1 with the same dose of propofol
(group C) for sedation.

Sedation
After arrival in the operating room, noninvasive arterial pres-

sure (NIBP), heart rate (HR), pulse oximetry (SpO2), and
electrocardiography (ECG) were monitored. All patients were
given O2 at a rate of 5 L min-1 using a face mask. After an
initial monitoring of group A, patients received a remifentanil
injection at a loading dose of 0.5 µg kg-1 and a continuous
dose of 0.05 µg kg-1 min-1. The sedation level was assessed
using the Observer’s Assessment of Alertness/Sedation
(OAA/S) scale, modified by reversing the order of the scores
(with a composite score of 1 = awake and alert to 5 = unres-
ponsive)3). Five minutes after the remifentanil injection, pro-
pofol was infused using a TCI pump set to a target of 2 µg
mL-1.  After completing administration of the loading and
continuous doses of the study drugs, an operator blinded to
the experimental groups draped the operation site and in-
jected local anesthetic along the site of the incision using 2
mL, and then performed the CTR. The operation was per-
formed using a tourniquet. In groups B and C, we used the
same method of sedation as in group A, except that the con-
tinuous doses of remifentanil were 0.07 and 0.1 µg kg-1 min-1,
respectively.

Operative procedure
We resected the transverse carpal ligament using a mini-

open skin incision under tourniquet control. An approxima-
tely 2-cm skin incision was made and the transverse carpal
ligament was identified after dissecting the subcutaneous soft
tissue. Then, the skin was retracted proximally and distally,
and the overlying hypertrophied transverse carpal ligament
was resected. After resecting the carpal ligament, we confirm-
ed complete resection of the ligament and decompression of
the median nerve.

Outcome measures of sedation
The sedation level was assessed by different investigators

during the operation. An investigator graded the patient seda-
tion status using an OAA/S scale score. At 2 h after surgery,
the patients were questioned by anesthesiologists in the
recovery room. Pain when local anesthetic was applied and

during the operation, including tourniquet pain, was assessed
using a visual analog scale (VAS) : 0 = no pain to 10 = severe
pain. Anxiety was assessed using a VAS : 0 = no anxiety to 10
= most anxiety. Sedation satisfaction was also assessed using a
VAS : 0 = extremely dissatisfied to 10 = extremely satisfied.
Adverse events, including postoperative headache, nausea,
and vomiting, were checked.

Statistical analyses
We used a nonparametric test for the statistical analysis

because of the small sample size. Statistical analyses were
performed using SPSS software (ver. 12; SPSS, Chicago, IL,
USA), and p values < 0.05 were deemed to indicate statistical
significance. Ratio data were analyzed using the Kruskal-
Wallis test, and nominal data were analyzed using the Pear-
son chi-squared test. Mean VAS scores for pain at the local
anesthetic injection site, pain during the operation, anxiety,
headache, satisfaction, and OAA/S scale scores were com-
pared between groups using the Kruskal-Wallis test. The
incidence of anxiety, headache, nausea, vomiting, and hy-
poxemia, was compared between groups using the Pearson
chi-squared test.

RESULTS

Patient demographics
The three groups were similar with respect to age, gender,

height, weight, and duration of anesthesia and surgery (Table 1).

Pain on administration of local anesthetics and 
during the operation

In group A, nine patients had injection pain and their
mean VAS score was 3.89/10, whereas seven patients had
operation pain and their mean VAS score was 3.14/10. As a
result, the overall pain score for group A was 1.8/10 at the
injection site and 1.1/10 during the operation. By contrast,
in group B, three patients felt pain only at the injection site,
and their mean pain score was 2/10, whereas the overall
group B score was 0.3/10. None of group-C patients experi-
enced pain. The mean injection pain scores for group A were
significantly higher than those of groups B and C (p = 0.001).
Additionally, the mean operation pain scores for group A
were significantly higher than those of groups B and C (p <
0.001) (Table 2).

Anxiety during the operation
In group A, nine patients felt anxiety, and their mean VAS

anxiety score was 2.78/10. As a result, the overall anxiety
score for group A was 1.25/10. By contrast, in group B, only
one patient felt anxious, and her anxiety score was 3/10,
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whereas the overall group B score was
0.15/10. Furthermore, none of group-
C patients felt anxiety. The incidence of
anxiety in group A was significantly
higher than that of groups B and C (p
= 0.001), and the mean anxiety score
for group A was significantly higher
than that of groups B and C (p =
0.001) (Table 2).

Depth of sedation
The level of sedation, as graded on

the OAA/S scale, remained between 2
and 4 in the three groups, except for
three patients in group C who someti-
mes had an OAA/S scale score of 5. A
statistically significant difference was
noted between group A and groups B
and C. The group-A OAA/S scale
score was significantly lower than that
of groups B and C (p = 0.030).

Respiratory Evaluation
In group C, desaturation (< 90%) developed in nine pati-

ents (45%), and the SpO2 decreased significantly from 15
min after propofol injection. All patients in groups A and B
maintained SpO2 levels above 97%. The incidence of hypo-
xemia in group C was significantly higher than that in groups
A and B (p < 0.001) (Table 2).

Satisfaction with sedation
The average VAS satisfaction scores for groups A, B, and C

were 7.2/10, 8.15/10, and 7.65/10, respectively. Patients in
group B tended to have a higher satisfaction score than those
in groups A and C, but the difference was not statistically
significant (Table 2).

Adverse events
The incidence of adverse events was the highest in group C

in which seven (35%) patients complained of nausea. Six
(30%) of the seven patients had headache, and three (15%)
patients of the seven vomited. In group B, three (15%) pati-
ents had a headache and two (10%) of the three patients
complained of nausea. None of patients in group A experi-
enced any adverse events. The incidence (p = 0.029) and
mean score (p = 0.024) for headache in groups B and C were
significantly higher than those of group A. The incidence (p =
0.006) and mean score (p = 0.005) for nausea in groups B
and C were significantly higher than those of group A. The
incidence of vomiting (p = 0.043) in group C was significan-

tly higher than that in groups A and B (Table 2).

DISCUSSION

Anesthetic techniques used for CTR include general anes-
thesia, local anesthetic infiltration, intravenous regional anes-
thesia, and peripheral nerve block, either proximally at the
brachial plexus or more distally at the peripheral nerves. The
choice of anesthetic technique for CTR should ensure a
bloodless operative field, without anatomical distortion, to
enable clear identification of the transverse carpal ligament
and median nerve, avoiding injury to the palmar cutaneous
branch of the median nerve18).

Local anesthesia for CTR is the simplest, most cost-effec-
tive technique, providing rapid onset and prolonged anesthe-
sia with no motor block19). Altissimi and Mancini1) describ-
ed a technique of infiltrating 4-5 mL of 2% mepivacaine
into the carpal tunnel in addition to infiltrating 3-4 mL of
the same anesthetic into the subcutaneous tissue. They
reported complete analgesia in most patients. However, they
stressed the risk of median nerve injury. Furthermore, large
volumes of local anesthetic can cause anatomical distortion.
In this study, our sedation allowed local anesthetic infiltration
along the site of the incision using only 2 mL, which resulted
in no anatomical change, subcutaneous swelling, or median
nerve injury.

To avoid median nerve injury, Gale5) suggested that local
anesthetic be injected only into the subcutaneous tissues.
Gibson6) reported slight discomfort on incising the flexor
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Table 1. Patient demographics and clinical profiles

Group A Group B Group C

No. of patients 20 20 20

Male/Female 12/8 9/11 12/8

Age (yr) 41.8 ± 9.0 43.4 ± 8.2 37.8 ± 11.4

Height (cm) 166.3 ± 9.6 162.7 ± 9.4 166.6 ± 9.0

Weight (kg) 67.2 ± 11.4 63.4 ± 10.2 65.1 ± 10.5

Anesthesia time (min) 51.4 ± 2.4 51.0 ± 3.3 50.1 ± 2.5

Surgical time (min) 37.4 ± 2.5 37.5 ± 2.7 36.4 ± 2.0

Data are the means ± SDs. No significant differences were observed among the three groups

Table 2. Results from three different groups

Group A Group B Group C p value

Pain of local injection 1.8/10 0.3/10 0 = 0.001 (A vs. B, C)

Pain during operation 1.1/10 0 0 < 0.001 (A vs. B, C)

Anxiety 1.25/10 0.15/10 0 = 0.001 (A vs. B, C)

Satisfaction 7.2/10 8.15/10 7.65/10 > 0.05 

Postoperative headache 0/20 pts 3/20 pts 6/20 pts = 0.029 (B, C vs. A)

Postoperative nasea 0/20 pts 2/20 pts 7/20 pts = 0.006 (B, C vs. A)

Postoperative vomiting 0/20 pts 0/20 pts 3/20 pts = 0.043 (C vs. A, B)

Desaturaion 0/20 pts 0/20 pts 9/20 pts < 0.001 (C vs. A, B)

Data are shown as means ± SD. A means Group A, B means Group B, C means Group C, vs. means versus, pts means 
patients



retinaculum in four of 98 patients and Baguneid et al.2)

reported that 13% of patients had slight discomfort during
the operation using similar techniques. Patil et al.14) compar-
ed the administration of local anesthetic into the carpal
tunnel combined with subcutaneous infiltration (the modi-
fied Altissimi and Mancini technique) with only subcuta-
neous infiltration (the modified Gale technique). The mean
pain scores on administration of the local anesthetic were 3.2
and 3.3, respectively, using a numerical rating scale (NRS)
with the modified Gale and modified Altissimi and Mancini
techniques. Of the 20 patients, six experienced intraoperative
pain (NRS scores 8, 7, 5, 4, 2, and 2) with the modified Gale
technique, whereas no patient experienced pain with the
modified Altissimi and Mancini technique. Vossinakis20)

identified three distinct causes of the discomfort associated
with the administration of the local anesthetic before surgery.

In our study, pain on administration of the local anesthetic
was significantly low, although we infiltrated only 2 mL sub-
cutaneously. The modified Gale technique and the original
Gale technique injected 6 mL and 5-8 mL of 2% plain lido-
caine, respectively. Furthermore, during the operation, groups
B and C had no pain, including tourniquet pain. Tourniquet
pain is another important point of anesthetic consideration.
Several authors believe that some patients do not tolerate the
conventional upper arm tourniquet when awake8,13). In our
study, the patients who were sedated before local anesthetic
infiltration tolerated both the tourniquet pain and infiltra-
tion pain well. Kwon et al.10) reported that endoscopic CTR
under local anesthesia with upper arm tourniquet had excel-
lent results compared with conventional surgery. We think
that our sedation can be also used in this endoscopic CTR,
and the patients may be more comfortable with the infiltra-
tion pain and tourniquet pain.   

Sedation with sedative and analgesic agents has become
popular for painful procedures and surgery under local anes-
thesia. Our sedation technique with propofol and remifen-
tanil produced less pain and anxiety during the operation,
while maintaining the advantages of local anesthesia and allow-
ing outpatient surgery. The sedative propofol has a pharma-
cokinetic profile that is well-suited for continuous infusion
because it has a rapid onset of action, short duration of effect,
and minimal postanesthetic side effects16,21). Furthermore, the
high clearance and favorable recovery profile of propofol offer
advantages over other intravenous sedatives for ambulatory
surgery17,22). Remifentanil is a short-acting, selective µ-opioid
agonist with a rapid onset of effect and a rapid offset that is
independent of the duration of infusion. The termination of
its therapeutic effect is primarily dependent on metabolism
by circulating plasma esterases, rather than redistribution4,7).
Consequently, remifentanil has a pharmacokinetic profile

well-suited for rapid recovery, even for more prolonged out-
patient procedures requiring moderate-to-high levels of in-
traoperative analgesia. However, some studies have reported
that patients receiving a continuous remifentanil infusion
experience nausea, vomiting, headache, or pruritus.9,12).

In our study, all of the groups showed overall satisfaction
with the sedation. Although there was not a statistically signi-
ficant difference, the satisfaction scores of the three groups
showed some tendencies that were due to the different conti-
nuous remifentanil doses. In group A, nine patients felt injec-
tion pain and seven felt operative pain. In group B, three
patients felt pain only at the injection site, and their mean
pain score was 2/10, whereas the overall group B score was
0.3/10. In group C, which received the highest continuous
remifentanil dose, no patient felt pain. In terms of complica-
tions, however, the group-C patients had many adverse
events; the most common was nausea (35%), followed by
headache (30%) and vomiting (15%). Three patients in
group B developed a headache and no group-A patient ex-
perienced such complications. Considering all of our results,
we conclude that the appropriate continuous dose of remi-
fentanil was 0.07 µg kg-1 min-1 with a loading dose of 0.5 µg
kg-1 in combination with propofol given with a TCI pump set
to a target of 2 µg mL-1.

CONCLUSION

Continuous sedation using an appropriate dose of remifen-
tanil and propofol can be used to provide safe, efficacious
ambulatory anesthesia for CTR under local anesthesia, with
a high degree of patient satisfaction. Furthermore, with this
sedation, local anesthesia can be performed using subcuta-
neous infiltration of only 2 mL, which do not cause anato-
mical distortion or median nerve injury.
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